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TASK OGBJECTI VES

Preparation for First Software Delivery. The cloud
algorithnms outlined in the ATBD on "d oud Properties” wll be
prepared with benchmark data sets (fromH RS and MAS) and
delivered to SDST early 1994. The "Atnospheric Profil es"
algorithnms will be sent sonewhat later. Transfer of all

rel ated subroutines fromthe MIDAS mainframe to the R SC
environnent will be conpleted. Hardware capabilities for the
MDD S teamat the University of Wsconsin have been enhanced
to facilitate the software transfer.

QA oud Mask ATBD. Based on MAS, H RS, and GCES cl oud

i nvestigations, suggestions for infrared screening for clouds
will continue to evolve and be forwarded to the MDD S

Cali bration Support Team An ATBD on cloud masking will be
drafted in coordination with Ron Wl ch, Bryan Baum John

Bar ker, and Liam GQunl ey.

MAS TOGA- COARE and SCAR-A Data Evaluation. The MAS (MODI S
Ai rborne Sinulator) data gathered during the TOGA- COARE
(Tropi cal Ccean d obal Atnosphere - Coupl ed Ccean At nosphere
Response Experinment) in Townsville 6 Jan to 23 Feb 1993 and
during the Snoke, C ouds, Aerosol, and Radiation - Anerica
(SCAR-A) experinment in Wallops Island, VA 12 to 28 July 1993
w Il continue to be evaluated. Fifteen successful TOGA

m ssions were flown in varying cloud conditions (including
Tropi cal Cyclone Aiver); seven successful SCAR-A m ssions
were flown in cirrus conditions. Data is being evaluated for
instrunment performance and neteorol ogi cal information
content.

AlgorithmDefinition. Using the MAS data fromFIRE in Nov-
Dec 1991, TOGA CQOARE in Jan-Feb 1993, and SCAR-A in Jun-Jul
1993, the algorithns for specifying cloud paraneters (nmask,

t enperature, phase, height, and anmount) wll continue to be
investigated. Al gorithns for atnospheric total columm anount
(ozone, precipitable water vapor, and stability) and profiles
(tenmperature and noisture) will be devel oped using the HRS
(H gh resolution Infrared Radi ati on Sounder) data fromthese
field experinments and beyond.
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dobal doud Study. Pre-MXD S cl oud studi es should conti nue
via the global cloud census with H RS dat a.

Definition of MODIS Infrared Calibration. The calibration of
the MODIS i nfrared channel s continues to demand attention
Adequate testing of the MODIS i nstrunment before | aunch nust
be assured so that infrared calibration accounts for detector
non-1|inear response, stray radiation, and angl e dependence of
background radi ati on.

MDD S Instrunent Review Tradeoffs between product accuracy
and MODI S infrared calibration and spectral selection wll
continue to demand attention. Sinulations of MDD S products
with MAS and H RS data should continue to guide instrunent
devel opers.

WORK ACCOWPLI SHED

ATBDs Subnmitted. Two Al gorithm Theoretical Basis Documents on C oud Top
Properties and Atnospheric Profiles were subnmitted in the |ast half of
1993. The first includes cloud top pressure, enissivity, fractiona
coverage, and phase to be produced globally at 5 kmresolution. The
second includes determinations of clear colum atnospheric stability,
total ozone, and total precipitable water, as well as tenperature and
noi sture profiles also at 5 kmresol ution.

TOGA/ COARE Activities. MAS TOGA COARE data is being processed and

anal yzed. MAS TOGA/ COARE data sets at ClI MSS include Jan 12, 18, 19, 26,
Feb 1, 9,and 24. |In order to make use of MAS TOGA/ COARE data on the
University of Wsconsin's (UN MIDAS, the data sets nust be processed
into the McIDAS mainfrane format. Fromthere, the data sets are
transferred to the McIDAS Al X (Rl SC6000 nodel 370) environnent where
data processing is done and products are analyzed. Currently these

i ncl ude cloud particle phase (tri-spectral technique) and a cl oud
paraneter catal ogue (low, mid, high, total cloud fraction, albedo,
connectivity, nultilayering, cloud top height and tenperature). Figure
1 shows an exanple of the MAS derived visible al bedo contoured over a
.55 uminmage of a cunul oni mbus cloud from 26 January 1993. In the next
quarter, cloud height and effective enmissivity (CO2 technique) will be
added.

In July, C Meller attended the NASA TOGA/ COARE Sci ence Data Workshop
At the meeting, questions on priority days, data set quality, instrunent
performance, and scientific collaboration were discussed. A
presentation of prelimnary MAS TOGA COARE cl oud study results was nade
Cloud studies at CIMSS are focusing on the radiation group priority days
(Jan 26, Feb 24, Jan 12, Feb 1, Feb 9). To date, selected cases have
been processed for cloud particle phase and C2 cl oud hei ght/em ssivity
studies with the MAS data. Coud paraneters are currently being
produced for Jan 26. Lidar data collected sinmultaneously on the NASA
ER-2 platformw ||l be used for verification of MAS CO2 cl oud hei ght
estimates; mcrophysical in situ data collected fromthe NASA DC 8
platformwi |l be used to assist cloud particle phase studies. The

[ e Y.V



wor kshop al so expressed the desire that the conpl ete MAS TOGA COARE dat a
set (all flight days) be processed by the MODI' S Sci ence Data Support
Team (SDST) at GSFC and archived for distribution through the ECS
Distributed Active Archive Center (DAAC) User Support Ofice.

Processi ng of MAS TOGA/ COARE data at by the SDST has been del ayed unti
spring due to software changes. Attendance at the second TOGA/ COARE

Wor kshop, schedul ed for nid March, is planned.

SCAR Activities. MAS data collected during the SCAR-A field experinent
in July (July 12, 14, 16, 20, 22, 25, 28) has been inspected for data
quality at the UW The data set will be used for cirrus cloud studies
(C2 cloud height/em ssivity, cloud particle phase, cirrus detection).
Cl ear scenes fromthe July 16 MAS SCAR- A data set indicated the

foll owi ng noi se perfornance of the MAS: signal to noise for the visible
channel s was 85 for .55 um >100 for .66 um >100 for .87 um >100 for
.94 um 20 for 1.88 um >100 for 2.14 um and noi se equi val ent
tenperature error for the infrared channels at 300 K was 0.72 C for 3.7
um 0.25 Cfor 8.6 um 0.26 Cfor 11.0 um 1.41 Cfor 13.2 um and 0.34
Cfor 12.0 um Noise determ nations used clear scene signal over water
This noise performance is in line with expectations. An absolute
visible calibration during SCAR- A using the Goddard Space Flight Center
(GSFC) integrating sphere has been obtained and i nplenented to calibrate
the visible channels. The data of July 14, which includes nmany

nmul tilayer and hi gh cloud scenes is currently being investigated for
cirrus cloud studies and being conpared with an AVHRR overpass. A 3
channel (vis, near infrared, infrared) cirrus detection algorithm has
been tested on the July 14 data set. Further testing and devel opnent of
the algorithmis planned. Because of a problemwth field of view
snearing (sanmpling) in the 12.0 and 13.2 um channel s, MAS data nust be
averaged over 5 X 5 boxes (250m X 250m) for quantitative nultispectra
applications using these channels.

El ai ne Prins attended a MODI S SCAR- A/ SCAR- C neeting at GSFC on Sept enber
15, 1993 to discuss the status of the data obtai ned duri ng SCAR- A,
prelinmnary results, data exchange protocol, collaborations on
publications of results, and a tentative tinmetable for publication

She presented GOES satellite imagery with overlays of the flight paths
al ong with exanples of various multi-spectral cloud type and cloud

hei ght assi gnnent techniques (CQ2 slicing, tri-spectral, visible and
1.9 unm.

Efforts are focussed on publishing the SCAR-A results in a special issue
of a yet unnaned journal, with an enphasis on the concept of the SCAR
experiment series and SCAR-A results. The exchange of avail able data
and prelimnary results are to be acconplished by March 1994, a first
draft of papers by May 1994, and submi ssion for publication by Septenber
1994. UWw Il wite on (1) the neteorological conditions and their
relationship to SCAR-A missions and flight paths, the properties of the
air nmass, aerosol and clouds (Rermer, Moeller, Kaufman, King, Hegg, et
al.) and (2) renote sensing of cirrus clouds and their properties and
structure during SCAR-A (Menzel, Moeller).

Hardware Acquisition. An |IBM R SC6000 nodel 370 workstation has been
purchased and i nplenmented at CIMSS. This workstation is being used for
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sci ence al gorithm devel opment, MAS data set processing and anal ysis, and
benchnark software and data set preparation (for transfer to the Science
Dat a Support Team (SDST) at GSFC). Transfer of MAS processing and

anal ysis code to the RISC environnent fromthe MIDAS is continuing.
Currently, the workstation supports MAS data sets with navigation and
calibration software, data diagnostics including data averagi ng and

i nstrunment noi se cal cul ation, data products software including tri-
spectral, sea surface tenperature, and cloud paraneters analysis, and

i nstrunment data interconparison software (AVHRR, VAS, H'S, NAMS).

Q oud Phase Benchnark Data Set Delivered: An interimversion of the
tri-spectral algorithm (8-11 versus 11-12 um bri ght ness tenperature

di fferencing) for discerning cloud phase was conpl eted and the software
delivered to the SDST on 5 January 1994. A MAS benchmark data set and
resul tant phase determni nations were al so included.

SCAR-C Pl anni ng. Exanpl es of aerosol transport associated w th bi omass
burning in South Anerica have been processed in support of SCAR-B

Pl anning. A review of GOES satellite inagery over South America during
the dry seasons of 1983, 1988, 1989, and 1991 reveal ed nunerous exanpl es
of aerosol transport associated with biomass burning in the selva and
cerrado. By looping visible data (and IR data when available) it was
possi ble to isolate the snoke/ haze and transport reginmes. Hard copy
prints were made of those images which showed the best exanpl es of
snoke/ haze transport during each of those years under different

net eor ol ogi cal conditions. Areas of snoke/ haze and the prevailing
circulation were identified on the prints. The prints include exanples
of aerosol transport on 6 days (12 inmges) in 1983, 5 days (10 i nmages)
in 1988, 2 days (4 inmages) in 1989, and 6 days (6 images) in 1991. A
copy of the prints and a table sunmarizing plune activity and aeroso
transport for each inmage were sent to Yoram Kaufnan to be used in

pl anning future field experinents in Brazil.

The majority of the imges depict anticyclonic flow throughout the
Anazon Basin where the easterly winds in the northern portion of the
Anazon Basin transport the aerosols westward and the Andes Mountains
defl ect the snoke to the south-southeast. 1In 1983 and 1988 there were
several exanples of anticyclonic flow which resulted in transport out
over the Atlantic Ocean near 30 S. This transport regine is often
associated with a synoptic disturbance | ocated south of the Amazon Basin
whi ch extends out over the ocean and acts as a barrier at the southern
extent of the plune. |In 1991 there were several instances where the
snoke continued sout hward al ong the Andes Mountains into Bolivia,

Par aguay, and Argentina instead of being channeled to the east toward
the Atlantic Ccean. This was the predom nant flow pattern in 1991 and
was characterized by a |lack of synoptic scale activity in the south that
m ght otherwi se act to channel the enissions out over the Atlantic
Ccean. On at | east one occasion the snoke plunme extended south al ong the
Andes into the southern half of Argentina (40 to 45 S). A third
transport nmechani sm which was evident in all four years includes flow
fromthe Amazon Basin to the northwest into the selva regions in the
northwestern portion of the Brazilian Anazon and extending into Peru and
Colonbia. This regine is often acconpani ed by a | arge scal e weat her
system ext endi ng along the front range of the Andes Mountains and into
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t he southern portion of the Amazon Basin. The majority of the other
snoke/ haze transport mechani sms observed during these four years
represent conbi nations of the above scenarios. Only a few exanpl es of
snoke/ haze transport were evident in the GOES i magery for 1989. The
1989 burni ng season was abnormally wet and the regi on was covered by
cl ouds obscuring burning activities and snoke/ haze transport.

Infrared doud Mask. An initial set of tests to screen for clouds in
the infrared is under investigation. The IR cloud nmask is for single
field of view (w thout consistency checks with nearest nei ghbors) over
ocean; it must evolve to nore sophisticated algorithns. Six

nmul ti spectral cloud detection algorithnms are suggested; all should be
satisfied for clear determnation. The first three attenpt to correct
wi ndow channel for noisture contanination, the fourth | ooks for broken
or cirrus cloud, and the last two screen for cirrus. Over land these
al gorithnms need corrections for surface enissivity; which will be
addressed | ater.

Not ati on indicates wavel ength in mcrons, so that for exanple T11l is the
11 um brightness tenperature. Coud is present if

1) T11 + a(PW*(T11-T12) < SST where a is deternined froma | ookup table
as a function of total precipitable water vapor (PW in the atnosphere
a value of 1 is used in the absence of information about PW

2) T11 + b(PW*(T11-T8.6) < SST where b is determned froma | ookup
table as a function of total precipitable water vapor in the atnosphere;
a value of .8 is used in the absence of information about PW

3) T11l + c(PW < SST where c is determined froma |ookup table as a
function of total precipitable water vapor in the atnosphere; PWis
estimated fromthe SST through an exponential relationship

PW = kil1*exp(k2*(SST-288)).

4) T4 - T11 <0 or T4 - T11l > 0 where care nust be taken to screen out
refl ected solar contam nation in the short wave w ndow channel

5) T13 < T13(warnest) - 2 where the warnest is selected for an area of
roughly 100 km by 100 km

6) R1.38 > threshold value (.3 nWster/n2/un)

If any of these tests suspects the presence of cloud the fov is declared
not clear. Over land these algorithns need corrections for surface
emssivity. Wrk will proceed on that shortly.

MDD S Infrared Calibration Discussed. An initial set of neasurenents
required to characterize the infrared calibration of the MO S was
presented at the Calibration Team Meeting. The ground testing nust
provide the following information: (1) spectral response for each IR
det ector/spectral channel conbination, (2) calibration tests with
several instrunent thernmal configurations, (3) stray radiation as a
function of view angle, and (4) non linear response and neasurenent
repeatability. This data will be used to cal cul ate R=a+bC+qC2 for each
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thermal configuration for each detector for each spectral channel. In
the process there will be an attenpt to characterize changes in the
nonlinearity of the calibration equation as a function of instrunent
tenperature (q(T)) and to correlate with foreoptics tenperatures. The
cal algorithmnean and RVMS errors with respect to the external target
will also be calculated as a neasure of cal perfornance. Wth enough
data available, half the data will be used to specify the cal algorithm
and the other half will be used to determ ne cal performance.

DATA/ ANALYSI S

O oud Phase Algorithm Several inprovenents to the techni que have been
i mpl enented over the last 6 nonths. First, a dynam c clear sky

di scri minator was added. The average brightness tenperature for each
10x10 area is corrected for atnospheric noisture and conpared to sea
surface tenperature (SST). The atnmospheric correction is derived from
the SST through a statistical relationship suggested by Stephens (1990);
H RS gl obal data was used here to establish the relationship of clear
sky brightness tenperature and precipitable water. An adjustnent was
made to the relationship to account for the differing spectra
bandwi dt hs of the HHRS and MAS instruments. Wen applied to a variety
of cloudy and clear TOGA COARE scenes, the results are promsing. The
advantages of this nmethod are (1) it requires no further spectra

i nfornati on beyond the three infrared channels used in the brightness
tenperature differencing, and (2) the fixed brightness tenperature

t hreshol ds have been replaced w th dynani c ones.

Second, a clustering anal ysis has been added to assist in opaque cloud
scene identification. The analysis is perforned only on 10x10 pi xel s
where the standard deviation (SD) of the 8 umradiance is less than .5
MV ster/m2/cm 1. The anal ysis uses a SD versus 11 um bri ght ness
tenperature scatter diagram This allows scenes with sinilar
characteristics to be categorized together. This nethod is especially
ef fective for discerning clear sky when used in conjunction with the
dynam ¢ threshol ding nentioned above. |f the center of a cluster
exceeds the clear threshold value, then that whole cluster can be
identified as being clear.

Third, a nmaximumlikelihood estinmator (M.E) has been included to aid in
singl e phase cloud identification in the brightness tenperature
difference scatter diagram As described in Strabala et al (1994),

si ngl e phase clouds tend to cluster in patterns based on phase due to
the different nicrophysical properties of ice and water. Water cloud
tend to formin aline with a slope |less than one, while thin ice cloud
clusters in a slope greater than one. The ME consists of a | east
squares straight line fit with errors in both directions. |If the fit is
good, and the slope is greater than 1, then ice cloud is assuned. |If
the fit is good, and the slope is less than 1, then water cloud has been
detected. A scene with both high and |ow em ssivity ice clouds tend to
initially formin a slope greater than one, then curves back toward zero
as the cloud becones opaque. Therefore, the technique is applied only
to scenes where the 11 um bri ghtness tenperature is greater than 250K
This seenms to be where the 8-11 um brightness tenperature difference
reaches a maxi mumfor ice cloud.
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These three additions have greatly inproved the accuracy (based on

obj ective observations) and the flexibility of the technique. Figures 2
to 4 show this. Figure 2 contains a MAS water cloud scene from 18
January 1993 overlaid with the tri-spectral cloud detection results;
good di scrimnation of opaque and thin water cloud is noticeable.

Figure 3 contains a MAS ice cloud scene from 18 January 1993 overlaid
with the tri-spectral cloud detection results; opaque and thin ice cloud
are separated reasonably well. Figure 4 shows the tri-spectra

bri ght ness tenperature difference scatter plot for the water and ice

cl oud scenes; the different cloud types separate nicely.

Aerosol Detection: Steve Ackerman and Kathy Strabal a denonstrated that
bri ght ness tenperature differences between 8 and 11 umare sensitive to
aerosol s contai ni ng H2S04. A definite decrease is apparent in the
8-11 um bri ghtness tenperature differences over |low |l atitude clear sky
oceans fromthe pre-Pinatubo to post-Pinatubo year in the H RS

climatol ogy, which are consistent with observed optical depth
nmeasurenents. Theoretical simulations suggest that the technique is
sensitive to visible optical depths greater than 0.15. Sinilar

i nvestigations using the 11-12 um bri ght ness tenperature differences
reveal ed a snmaller signal; however, the tri-spectral approach
(information fromboth brightness tenperature differences) has the
potential to differentiate cirrus and water vapor from H2SO4 aer osol s,
because their spectral signatures are different. Tine series analysis
was applied to the 8-11 um brightness tenperature difference from NOAA-
10 (August 1990) and NOAA- 12 (August 1991) over a section of the south
Pacific. Figure 5 shows the HRS 8 nminus 11 um (top panel) and the
corresponding 11 mnus 12 um (bottom panel) brightness tenperature

di fference change between August 1990 and August 1991. The coherent
decrease in the tropics is apparent in the 8 - 11 but not the 11 -12 um
panel . A paper on this work has been subnmitted for publication

ANTI CI PATED FUTURE ACTI ONS

First Software Delivery. Preparations will continue to deliver the
remai ning portions of the "Coud Properties" software with benchmark
data sets to SDST. Coud phase with MAS data has been delivered. d oud
tenperature, height, and amount with H RS data will be conming in the
first quarter of 1994. Software and data sets for "Atnospheric
Profiles" will be forthcoming in the second hal f of 1994.

Coud Mask ATBD. Work will continue to refine cloud screening
algorithns for different applications and an ATBD wi Il be
forthcomng in the second quarter of 1994.

MAS/H S Interconparisons. The collocated HS (H gh
resolution Interferoneter Sounder) data will be used for
intercalibration of the two instrunents (MAS and H'S) and for
studyi ng the spectral sensitivity of the cloud paraneter
algorithnms. Flights are planned for the third quarter of
1994.
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PROBLEMS

Data Format. After sonme discussion with SDST and subsequent approval,
benchnark data sets have been delivered in the M DAS (Man computer
Interactive Data Access Systen) file format. Initial indications are
that there may have been a nis-conmunication on this natter. As all of
our devel oprment is proceeding on McIDAS, we need for this obstacle to be
over cone.

PUBLI CATI ONS

Ackerman, S. A, and K |. Strabala, 1994: Satellite renote sensing of
H2SO4 aer osol u;ing the 8-12 nmicron wi ndow region: application to Munt
Pinatubo. submtted to Jour. Geo. Rev.

Prins, EE P. and W P. Menzel, 1994: Trends in South
Anerican Bi onass Burning Detected with the GOES- VAS from
1983-1991. submtted to Jour. Geo. Rev.

Wlie, DD P., W P. Menzel, H M Wolf, and K |. Strabal a,
1993: Four Years of Gobal Crrus Goud Statistics using

H RS. accepted by Jour. dim

Strabala, K 1., S. A Ackerman, and W P. Menzel, 1992:
Cloud Properties Inferred from8-12 mcron Data. accepted by
Jour. Appl. Meteor.

SEM NARS

P. Menzel gave a presentation to the CERES Sci ence Teamon "Inferring
Cloud Properties fromMOXDI S Chservations" in Septenber 1993

P. Menzel gave a presentation to the MODI'S Sci ence Teamon "Trends in
A obal Cirrus Seen in Four Years of HRS Data" in October 1993.
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